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VISUAL  ATTENTION  AND  PERCEPTION  IN 
THREE-DIMENSIONAL  SPACE 


INTRODUCTION 

In  a  recent  theoretical  review,  Previc  (1990)  proposed  that  human  visual 
processing  in  3-dimensional  (3-D)  space  is  characterized  by  fundamental 
nonuniformities.  In  particular,  this  theory  postulated  that  the  specific  links 
between  the  upper  visual  field  (UVF)  and  far  vision  and  between  the  lower 
visual  field  (LVF)  and  near  vision  constitute  the  most  striking  inhomogeneities 
in  3-D  visual  perception.  These  specific  relationships  take  into  consideration 
both  the  ecology  of  cur  visual  environment  and  the  nature  of  our  behavioral 
interactions  within  it.  For  example,  the  confinement  of  most  visually  guided 
reaching  activity  to  a  region  lying  below  the  fixated  object  necessitates  a 
specialized  peripersonal  visual  processing  system  biased  toward  the  LVF. 

In  line  with  Previc’s  theoretical  model,  most  investigators  have  shown  that 
crossed-disparity  (i.e.,  near)  stimuli  are  better  processed  in  the  LVF,  whereas 
uncrossed-disparity  (i.e.,  far)  stimuli  are  detected  more  readily  in  the  UVF 
(Breitmeyer,  Julesz  &  Kropfl,  1975;  Breitmeyer,  Weinstein  &  Previc,  1992;  Julesz, 
Breitmeyer  &  Kropfl,  1976;  but  see  Manning,  Finlay,  Neill  &  Frost,  1987).  This 
trend  may  also  interact  with  an  overall  advantage  for  near  stimuli  (Grabowska, 
1983;  Harwerth  &  Boltz,  1979;  Lasley,  KMin,  Rich  &  Flynn,  1984;  Mustillo, 
1985)  and  left-right  hemifield  differences  in  global  depth  perception  (Breitmeyer 
et  al.,  1992;  Dumford  &  Kimura,  1971;  Grabowska,  1983;  Manning  et  al.,  1987). 

A  limited  amount  of  evidence  also  suggests  that  differences  exist  in  the 
way  humans  attend  to  near  vs.  far  visual  stimuli.  Two  studies  (Downing  & 
Pinker,  1985;  Gawryszewski,  Riggio,  Rizzoiatti  &  Umilta,  1987)  reported  that 
attention  shifts  to  near  targets  are  more  readily  performed  than  are  shifts  to 
far  targets  (which  parallels  the  detectability  findings  just  cited),  but  a  third  study 
concluded  that  focused  attention  is  biased  toward  uncrossed-disparity  space 
(Andersen,  1990).  All  of  these  studies  suffered  from  methodological  limitations, 
as  the  cues  used  to  direct  attention  to  near  and  far  space  were  nonspatial 
(i.e.,  alphanumeric)  in  Downing  and  Pinker’s  study  and  nonveridical  (i.e., 
upper-tower)  in  Gawryszewski  et  al.’s  study,  whereas  the  near  and  far  stimuli 
in  Andersen’s  (1990)  study  were  not  equated  in  terms  of  stereoscopic  size  and 
distance  from  fixation.  Nor  did  any  of  these  studies  investigate  whether  attention 
to  near  and  far  targets  is  differentially  affected  by  whether  the  targets  appear 
in  the  UVF  vs.  LVF,  as  predicted  by  Previc’s  model. 

Consequently,  the  major  objective  of  our  research  was  to  examine  the 
nature  of  attention  shifting  in  3-D  space  using  attention  cues  that  were  designed 
to  be  as  veridical  and  uniform  as  possible. 
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METHOD 


Subjects 

Eight  civilian  and  military  employees  of  the  United  States  Air  Force  School 
of  Aerospace  Medicine  (USAFSAM)  (now  Armstrong  Laboratory)  served  as 
subjects.  The  subjects  ranged  in  age  from  16  to  42  years.  All  of  these 
subjects  proved  capable  of  discriminating  the  target  stimuli  at  above-chance 
levels  in  all  target  locations,  and  they  received  extensive  training  before 
participating  in  the  actual  experiment.  Four  subjects  served  in  both  the  initial 
and  follow-up  experiments,  whereas  2  other  pairs  of  subjects  served  in  only 
1  of  the  experiments  (each  experiment  used  a  total  of  6  subjects). 


Stimuli 

The  target  stimuli  consisted  of  2  types  of  random-dot  stereograms  (diamonds 
or  squares)  presented  at  equal  3-D  distances  from  a  central  fixation  cross.  In 
the  initial  experiment,  the  30-mm2  targets  appeared  in  each  of  the  8  principal 
octants  of  the  visual  field  (near  lower  left,  near  iower  right,  near  upper  left, 
near  upper  right,  far  lower  left,  far  lower  right,  far  upper  left,  and  far  upper 
right),  while  in  the  follow-up  experiment  the  stimuli  appeared  in  1  of  4  locations 
along  the  vertical  meridian  (near  lower,  near  upper,  far  lower,  and  far  upper). 
All  target  stimuli  were  located  at  approximately  equal  distances  (25  mm 
horizontally  and  vertically;  23  mm  in  depth)  from  the  fixation  point  in  3-D  space. 
The  experiment  was  carried  out  in  the  USAFSAM  Visual  Orientation  Laboratory. 
A  detailed  description  of  the  target  stimuli  and  their  locations,  as  well  as  the 
apparatus  used  to  generate  them,  is  contained  in  a  corollary  report  (Breitmeyer 
et  al.,  1992).  Each  subject  viewed  the  visual  display  with  his  or  her  head 
resting  on  an  ophthalmologic  head  and  chin  brace.  The  average  viewing  distance 
was  50  cm,  although  it  deviated  by  as  much  as  3  cm  from  this  distance  in 
order  to  take  into  account  each  subject’s  interpupillary  distance. 

The  attention  cues  used  in  the  initial  experiment  consisted  of  a  set  of 
arrows  that  always  pointed  to  the  hemifield  (either  left  or  right,  upper  or  lower, 
or  near  or  far)  in  which  the  target  appeared  (see  Fig.  la-c).  Although  the 
targets  were  positioned  obliquely  relative  to  the  direction  of  the  arrow  (which 
always  pointed  to  the  center  of  the  hemifield),  It  has  been  shown  that  fairly 
uniform  attentionai  benefits  occur  as  long  as  the  target  appears  in  any  portion 
of  the  attended  hemifield  (Cheal  &  Lyon,  1989;  Hughes  &  Zimba,  1987).  The 
“arrows”  in  the  near-far  condition  (Fig.  1c)  were  actually  wedges  that  pointed 
either  toward  or  away  from  the  subject,  with  their  three-dimensionality  provided 
by  a  combination  of  appropriate  linear  perspective,  shading,  and  disparity  cues. 
In  addition,  a  disk  whose  diameter  was  8  mm  was  used  as  a  neutral  cue, 
which  provided  no  dues  as  to  the  location  of  the  subsequent  target  (Fig.  Id). 
Both  the  attentionai  and  neutral  cues  in  the  initial  experiment  were  contained 
within  a  central  37-mm2  fixation  area  that  was  free  of  background  dots. 
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Figure  1.  The  four  sets  of  cues  used  in  the  present  study:  (a)  right-left 
attention  cues;  (b)  central  up-down  attention  cues;  (c)  near-far 
attention  cues;  and  (d)  neutral  and  up-down  peripheral  attention 
cues.  The  near-far  cues  were  also  distinguished  by  slight 
retinal  disparity  offsets  in  the  directions  in  which  they  pointed. 


In  the  follow-up  experiment,  the  attention  cues  were  identical  to  the  neutral 
cue  in  appearance,  but  were  placed  in  either  the  upper  or  lower  visual  field 
at  the  precise  vertical  location  at  which  the  target  stimulus  appeared  (i.e.,  25 
mm  [~3  deg]  directly  above  or  below  the  center  of  the  fixation  cross). 


Procedures 

In  the  initial  experiment,  each  of  the  3  attention  conditions  was  run  in  a 
separate  daily  session  lasting  about  30  min.  Each  session  consisted  of  six 
96-trial  blocks,  the  first  of  which  served  as  a  practice  block  whose  data  were 
later  discarded.  Thus,  data  from  a  total  of  480  trials  (60  for  each  target 
location)  were  obtained  for  each  attention  condition.  In  each  trial  block,  32 
trials  used  1  of  the  2  spatial  attention  cues  (e.g.,  either  the  leftward  or  rightward 
arrows),  32  used  the  other  spatial  cue,  and  the  remaining  32  used  the  neutral 
cue.  Hence,  two-thirds  of  the  12  randomly  presented  trials  per  octant  in  each 
block  were  associated  with  valid  cueing  and  one-third  with  neutral  cueing.  At 
each  target  location,  the  square  and  diamond  stereograms  were  presented 
equally  often. 

A  trial  consisted  of  the  following  sequence  of  events.  A  fixation  cross  and 
its  random-dot  surround  field  were  presented  for  2  s.  The  fixation  stimulus 
was  then  replaced  by  either  the  attention  or  neutral  cue  for  109  ms,  which  in 
turn  was  immediately  followed  by  a  109-ms  presentation  of  the  target  that 
triggered  a  Datum  9300  time-code  generator.  The  combined  duration  of  the 
cue  and  target  (218  ms)  was  too  brief  for  saccadic  and  vergence  movements 
to  seriously  contaminate  the  attention  results  (Hallett,  1986;  Heywood  &  Churcher, 
1980;  Rash  bass  &  Westheimer,  1961).  The  target  was  followed  by  a  1-s  blank 
screen  interval  during  which  subjects  responded  as  quickly  and  accurately  as 
possible  by  depressing  1  of  2  designated  keys  on  a  computer  keyboard  with 
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either  the  index  or  middle  finger  of  their  right  hand.  The  maximum  allowable 
latency  for  the  choice  reaction-time  (RT)  response  after  the  onset  of  the  target 
was  650  ms,  and  ail  tardy  or  otherwise  incorrect  responses  were  followed  by 
a  156-ms  “X*  displayed  at  the  end  of  the  blank  interval. 

The  follow-up  experiment,  which  only  used  vertical  attentional  cueing, 
consisted  of  three  96-trial  blocks  and  a  practice  block  that  were  all  run  in  a 
single  session.  The  8  target  locations  were  reduced  to  4  (near  lower,  near 
upper,  far  lower,  and  far  upper),  so  that  a  total  of  24  trials  per  block  were 
run  for  each  target  location.  Two-thirds  of  the  random  target  presentations 
were  preceded  by  a  disk  appearing  at  the  identical  vertical  location  as  the 
target,  whereas  the  other  one-third  were  preceded  by  the  centrally  presented 
neutral  cue.  Once  again,  the  square  and  diamond  stereograms  were  presented 
equally  often  on  a  random  basis. 

The  subject’s  task  and  the  sequence  of  events  in  each  trial  were  identical 
to  those  just  described,  except  that  the  duration  of  the  attention  cue  was 
increased  to  125  ms  while  the  target’s  duration  was  reduced  to  94  ms.  This 
modification,  along  with  the  introduction  of  a  peripheral  cue  placed  at  the 
identical  locus  as  the  subsequent  target  (Cheat  &  Lyon,  1989,  1991;  Jonides, 
1981),  was  designed  to  enhance  the  attention  effect  by  increasing  the  salience 
of  the  cue  and  decreasing  the  perceptibility  of  the  target.  Since  the  total  time 
allowed  for  the  combined  processing  of  the  stimulus  was  basically  the  same 
as  before,  the  likelihood  that  eye  movements  seriously  contaminated  the  attention 
effects  remained  low. 


RESULTS 

Since  the  left-right,  upper-lower,  and  near-far  attention  manipulations  were 
investigated  in  separate  blocks  of  trials,  individual  statistical  analyses  were 
performed  for  each  of  these  conditions.  Separate  analyses  were  also  carried 
out  for  2  measures  of  discrimination  performance,  RT  and  accuracy  (%  correct). 
The  attention  effects  were  expressed  as  the  difference  between  discrimination 
performance  in  the  attention  vs.  neutral  cue  conditions.  Negative  RT  differences 
indicate  that  the  attention  cue  produced  a  benefit  by  increasing  response  speed, 
whereas  positive  accuracy  values  indicate  that  the  valid  cueing  improved 
identification  performance. 


Left-Right  Attention  Effects 

The  effects  of  left-right  attention  cues  on  RT  and  accuracy  are  shown  in 
the  left  and  right  graphs  of  Figure  2,  respectively.  It  is  evident  from  inspection 
of  the  left  panel  that  prior  knowledge  of  the  lateral  hemifield  in  which  the 
target  appeared  produced  an  RT  decrease  at  every  target  location.  The  overall 
mean  RT  decrease  (9.4  ms)  proved  significant  [f(5)=5.16,  p  <  .01].  No  other 
main  or  interaction  effects  for  the  RT  measure  were  significant. 
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Inspection  of  the  right  panel  of  Figure  2  reveals  that  the  left-right  attention 
cue  produced  no  overall  change  in  accuracy,  thus  ruling  out  the  possibility  of 
a  speed-accuracy  tradeoff.  But  there  was  a  significant  interaction  effect  involving 
targets  located  along  the  vertical  and  sagittal  (depth)  axes  [F(1 ,5)=7.26,  p  <  .05]. 
For  far  targets,  left-right  attentional  cueing  yielded  increased  accuracy  in  the 
LVF  and  decreased  accuracy  in  the  UVF;  for  near  targets,  the  reverse  pattern 
resulted.  This  interaction  may  be  at  least  partially  attributable  to  the  fact  that 
attentional  benefits  were  greatest  in  those  sectors  (e.g.,  far  LVF  and  near  UVF) 
in  which  baseline  (i.e.,  neutral-cue)  performance  was  poorest  to  begin  with 
(see  ‘Neutral-Cue  Performance”).  No  other  effects  attained  statistical 
significance. 


Octant 


Octant 


Figure  2.  Mean  RT  differences  (left  panel)  and  accuracy  differences 
(right  panel)  between  the  attention  and  neutral  trials  in  each 
of  the  principal  octants  when  left-right  arrows  were  used  to 
cue  the  location  of  the  target.  FL,  FU,  NL,  and  NU  refer  to 
the  far-lower,  far-upper,  near-lower,  and  near-upper  quadrants, 
respectively.  Solid  and  diagonalized  bars  designate  the  left 
and  right  visual  fields,  respectively. 


Upper-Lower  Attention  Effects 

The  effects  of  upper-lower  attention  cues  on  RT  and  accuracy  in  the  initial 
experiment  are  shown  in  the  left  and  right  graphs  of  Figure  3.  The  overall 
attention  effect  for  both  measures  proved  nonsignificant,  and  there  were  no 
other  significant  main  or  interaction  effects. 
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Figure  3.  Mean  RT  differences  (left  panel)  and  accuracy  differences 
(right  panel)  between  the  attention  and  neutral  trials  in  each 
of  the  octants  when  central  up-down  arrows  were  used  to 
cue  the  location  of  the  target.  Notation  and  symbols  same 
as  in  Figure  2. 


Because  vertical  cueing  provided  the  most  direct  test  of  Previc’s  notion 
that  attention  to  the  UVF  and  LVF  interacts  with  the  target  stimulus’  location 
in  depth,  a  follow-up  attempt  was  made  to  ensure  a  vertical  attention  effect 
using  longer  and  peripherally  located  attention  cues.  The  results  of  this 
experiment  for  the  RT  and  accuracy  data  are  shown  in  the  left  and  right  graphs 
of  Figure  4.  The  main  effect  of  attention  proved  significant  only  for  the  RT 
measure  [f(5)=-2.9,  p  <  .05],  with  the  valid  cue  producing  an  overall  mean  RT 
decrease  of  19.5  ms.  Also,  the  RT  decrease  was  significantly  greater  in  the 
UVF  as  compared  to  LVF  [F(1,5)=7.51,  p  <  .05],  although  the  predicted  difference 
in  the  vertical  attention  effect  for  near  vs.  far  target  locations  (i.e.,  upper-field 
attention  better  for  far  targets,  and  vice  versa)  failed  to  emerge 


Near-Far  Attention  Effects 

The  effects  of  near-far  attention  cues  on  RT  and  accuracy  are  shown  in 
the  left  and  right  graphs  of  Figure  5.  Unlike  the  other  attention  conditions, 
the  near-far  manipulation  resulted  in  attentional  costs  (i.e.,  increased  RTs  and 
reduced  accuracy).  The  overall  accuracy  decrease  proved  significant  [f(5)=-3  02 
p  <  .05],  while  the  RT  increase  just  failed  to  attain  significance  [f(5)=-2.3s! 
p  <  .07].  The  only  other  effect  of  near-far  attention  that  proved  significant 
involved  the  left  vs.  right  location  of  the  target  [F(1,5)=8.33,  p  <  .05],  with  the 
accuracy  decrease  more  pronounced  in  the  right  visual  field. 
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Figure  4.  Mean  RT  differences  (left  panel)  and  accuracy  differences 
(right  panel)  between  the  attention  and  neutral  trials  in  each 
of  4  quadrants  located  along  the  vertical  meridian  when 
peripherally  located  disks  were  used  to  cue  the  location  of 
the  target.  Notation  and  symbols  same  as  in  Figure  2. 


Octant  Octant 

Figure  5.  Mean  RT  differences  (left  panel)  and  accuracy  differences 
(right  panel)  between  the  attention  and  neutral  trials  in  each 
of  the  octants  when  near-far  “arrows’  were  used  to  cue  the 
location  of  the  target.  Notation  and  symbols  same  as  in 
Figure  2. 


Since  the  near-far  attention  cues  actually  interfered  with  target  discrimination 
performance,  no  further  experiments  were  conducted  to  evaluate  the  proposed 
interaction  between  vertical  and  sagittal  attention  shifting. 


Neutral-Cue  Performance 

Target  discrimination  performance  across  the  8  principal  octants  of  the  visual 
field  when  a  neutral  cue  preceded  the  presentation  of  the  target  is  shown  in 
Figure  6.  For  the  RT  data  (left  panel),  the  only  significant  effects  were  a 
3-way  interaction  among  the  near-far,  upper-lower,  and  Ic't-right  target  locations 
[F(1,5)=10.52,  p  <  .05]  and  a  2-way  interaction  involving  the  near-far  and 
upper-lower  locations  [F(1 ,5)=24.79,  p  <  .01].  These  interactions  reflected  the 
reduced  mean  response  latency  to  near  targets  in  the  LVF  (518.4  ms)  vs.  UVF 
(531.5  ms)  and  the  reverse  situation  for  far  targets  (512.9  ms  in  the  UVF  vs. 
521.9  ms  in  the  LVF),  as  well  as  the  fact  that  both  of  the  above  trends  were 
much  more  evident  in  the  left  visual  field  than  in  the  right  one. 


Octant  Octant 


Figure  6.  Mean  RT  (left  panel)  and  accuracy  performance  (right  panel) 
in  each  of  the  octants  for  neutral-cue  trials.  Notation  and 
symbols  same  as  in  Figure  2. 


The  2-way  interaction  involving  the  vertical  and  depth  axes  also  proved 
significant  for  the  accuracy  data  [F(1,5)=14.54,  p  <  .05].  As  shown  in  the 
right  panel  of  Figure  6,  mean  accuracy  for  far  targets  was  greater  in  the  UVF 
(93.7%)  than  in  the  LVF  (87%),  whereas  for  near  targets  it  was  greater  in  the 
LVF  (89.7%)  than  in  the  UVF  (86.2%).  A  significant  main  effect  involving  the 
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left-right  target  locations  was  also  obtained  [F(1 ,5)=7.91 ,  p  <  .05],  which  reflected 
the  fact  that  the  overall  mean  accuracy  in  the  right  visual  field  (90.7%)  was 
superior  to  that  in  the  left  visual  field  (67.5%).  This  result,  of  course,  was 
expected  given  that  the  subject’s  response  was  made  with  the  right  hand, 
which  is  controlled  by  the  same  hemisphere  that  receives  the  direct  visual 
input  from  the  right  visual  field* 


DISCUSSION 

The  results  of  this  study  are  inconclusive  as  regards  the  putative 
interdependencies  in  shifting  attention  along  the  3  major  axes  in  3-0  visual 
space.  Although  significant  effects  of  attention  were  obtained  for  left-right 
central  cueing  and  up-down  peripheral  cueing,  these  effects  were  primarily 
limited  to  the  particular  axis  along  which  attention  was  shifted. 

Although  Breitmeyer  et  al.’s  (1992)  findings  as  well  as  those  from  the 
neutral-cue  condition  in  our  study  indicate  that  left-right  processing  differences 
may  interact  weakly  with  the  depth  and  vertical  location  of  the  stimulus,  the 
major  attentional  interactions  in  Previc’s  theory  are  hypothesized  to  involve  the 
upper-lower  and  near-far  axes.  Specifically,  we  predicted  that  the  benefits  of 
directing  attention  to  the  UVF  would  be  limited  to  far  targets,  whereas  the 
benefits  associated  with  LVF  attention  would  be  limited  to  near  targets.  The 
results  of  the  upper-lower  peripheral  cueing  experiment  did  not  confirm  this 
prediction,  however,  as  the  vertical  effect  was  not  influenced  by  the  target’s 
location  in  depth.  Indeed,  UVF  and  LVF  attention  shifts  produced  benefits  for 
both  near  and  far  stimuli  that  were  located  in  the  proper  vertical  location.  No 
dear  explanation  can  be  given  at  this  time  as  to  why  the  predicted  attentional 
interactions  were  not  found,  particularly  given  that  target-discrimination 
performance  in  the  neutral-cue  condition  did  manifest  the  hypothesized  (and 
previously  demonstrated)  3-D  interactions.  However,  it  is  conceivable  that  the 
depth  separation  (~5  cm)  between  the  crossed-  and  uncrossed-disparity  targets 
in  the  present  study  was  adequate  for  revealing  thp  3-D  perceptibility  interactions 
but  not  the  3-D  attentional  ones. 

It  is  also  difficult  to  explain  why  benefits  were  greater  overall  in  the  UVF 
when  attention  was  directed  vertically  via  peripheral  cues.  Possibly  this  effect 
resulted  from:  (a)  the  greater  salience  of  the  small,  brief  attention  cue  when 
presented  above  the  fixation  point,  given  that  similar  types  of  stimuli  have 
been  shown  to  be  processed  better  in  the  UVF  (Chaiken,  Corbin  &  Volkmann, 
1962;  Previc,  1990;  Yund,  Efron  &  Nichols,  1990);  (b)  the  natural  tendency  to 
begin  our  scanning  of  objects  and  text  in  the  UVF  (Chedru,  Leblanc  &  Lhermitte, 
1973;  Jeannerod,  Gerin  &  Pemier,  1968);  (c)  the  fact  that  attention  was  shifted 
in  conjunction  with  a  pattern-discrimination  task,  which  may  involve  to  a  greater 
extent  inferior  temporal-lobe  processing  biased  toward  the  UVF  (Previc,  1990); 


*The  Interaction  between  the  Mar-far  and  upper  lower  target  locatioM  aieo  wee  evMenoed  in  the  neutrai-cue  condition  from  the 
foPoaH^  experiment,  aa  would  be  expected  given  that  moat  of  the  aubjecta  In  that  experiment  aiao  aarvad  In  the  initial  om. 
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or  (d)  a  combination  of  these  or  some  additional  factors.  While  the  latencies 
of  saccadic  eye  movements  are  shorter  to  targets  in  the  UVF  (Heywood  & 
Churcher,  1980;  Previc,  1990),  regardless  of  whether  they  lie  in  front  or  behind 
the  fixation  point  (Honda  &  Findlay,  1992),  it  is  unlikely  that  such  movements 
contaminated  our  finding  given  that  they  are  rarely  made  in  similar  attention 
paradigms  (Cheal  &  Lyon,  1991)  and  could  not  have  been  readily  made  within 
the  brief  time  allotted  by  the  cue-target  stimulus  interval  (<220  ms).  In  any 
case,  the  finding  of  greater  UVF  attentional  benefits  conflicts  with  the  greater 
LVF  attentional  benefits  shown  in  a  previous  study  (Gawryszewski  et  al.,  1987), 
and  consequently  requires  further  investigation. 

In  contrast  to  the  other  attention  manipulations,  the  use  of  carefully  designed 
near-far  spatial  cues  unexpectedly  produced  only  attentional  costs  in  our  study. 
Apparently  the  3-D  arrow  representations  may  have  been  much  more  difficult 
to  process  than  the  2-D  arrows  used  in  the  other  conditions  and  consequently 
distracted  the  subject’s  attention  away  from  the  location  of  the  subsequent 
target.  Perhaps  attention  shifting  in  depth  may  only  be  possible  using  longer 
cue  durations  and  a  careful  monitoring  of  eye  position.  In  any  case,  we 
strongly  recommend  that  future  3-D  attention  studies  use  highly  similar  or  even 
improved  versions  of  the  near-far  cues  used  in  our  study  to  maximally  facilitate 
comparisons  with  spatial  attention  effects  along  the  other  2  major  axes,  since 
in  our  opinion  these  cues  constitute  a  major  improvement  over  those  of  previous 
3-D  attention  studies. 
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